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Frozen sections of newborn rat skin were treated with 
a variety of buffers, enzymes, and proteinase inhibitors 
in order to modify the reactivity of antigenic sites of 
histidine-rich protein and keratin. By indirect immuno-
fluorescence, we found that antiserum to histidine-rich 
protein purified from granular cells reacted with kera-
tohyalin granules but not cornified cells treated with 
hyaluronidase. The same antiserum reacted less dis-
tinctly with keratohyalin granules treated with neura-
minidase; in contrast, it showed strong reactivity in 
cornified cells after the neuraminidase digestion. How-
ever, the enzyme digestions did not unmask the antigenic 
site(s) of keratohyalin granules to anti-keratin serum, as 
did saline in 0.1 M Tris-Hel buffer, pH 8.0. These results 
suggest that the antigenic site of histidine-rich protein 
is masked in keratohyalin granules by different mecha-
nisms from the masking of keratin. Histidine-rich pro-
tein may be masked primarily with hyaluronic acid in 
keratohyalin granules, but the sugar moiety appears to 
be changed to sialic acid in cornified cells. 
Indirect immunofluorescence studies of n ewborn rat skin 
with rabbit anti-keratin sera demonstrated that an antigenic 
site of keratin was present but masked in keratohyalin granules, 
and unmasking' occurred after incubation of froze n sections in 
Tris-HGl-buffered saline [1]. Subsequently we found that the 
same unmasking procedure enha nced the immunological reac-
tivity of fetal epidermis with rabbit antisera to 2 types of 
histidine-rich proteins pW'ified from granular and cornified cells 
[2]. In these r eports we offered speculations r egarding possible 
mechanisms involved in unmasking of antigenic sites. Though 
chemical and conformational changes of proteins in the epider-
mis were suggested, no experimental evidence was presented, 
because previous bioch emical studies had shown that the non-
specific histological techniques used extracted large numbers of 
epidermal [3,4] and ribonuclear [5] proteins. 
In this study, we used enzymes with known histochemical 
effects on skin sectIons in ol~der to furthe r define the processes 
that occur during unmasking of histidine-rich proteins. The 
investigation also aimed to compare in situ immunochemical 
properties of his tidine-rich proteins in keratohyalin granules 
and cornified cells. 
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Abbreviations: 
DTT: dithiothreitol 
EGTA: ethyleneglycoltetraacetic ac id 
PBS: phosphate buffered saline 
PHMB: p-hydl'oxymercuribenzoate 
PMSF: phenylmethylsulfonylfluoride 
TBS: 0.1 M Tris-HCl buffer, pH 8.0, containing 0.14 M NaCI 
MA TERIALS AND METHODS 
Epidermal Sections 
After skin ('rom the back of 2-day-old Sprague-Dawley strain rats 
had been quickly !'rozen in liquid ni trogen, 5 p.m thick sections were cu t 
wi th a cryostat. The sections were mounted on microscope slides coated 
with 0.5% gelatin solution and washed in 2 changes of 0.14 M NaCl in 
0.02 M phosphate buffer (PBS), pH 7.4 , at 4°C for 10 min and treated 
with Tris-HCl buffer, phosphate buffer, acetate buffer, hyaluronidase 
from beef testes (Miles Laboratories, Elkhar t, IN), neura minidase from 
Vibrio cholera (Grand Island Biological Co., Grand Island, NY), ribo-
nuclease (Worthington Biochem, Freehold, NJ), carboxypeptidase, leu-
cineaminopeptidase, protease type VII, t rypsin, papain , 01' pepsin (all 
from Sigma Chemical Co.), at conditions specified in T a ble 1. In order 
to test changes in the unmasking effect of 0.1 M Tris-HCI buffer, pH 
8.0, containing 0.14 M NaCI (TBS) , the skin sections were also incubated 
in TBS supplemented with phenylmethylsulfonylfiuoride (PMSF) , eth-
ylenedia minetetraacetic acid (EDTA), ethyleneglycoltetraacetic acid 
(EGTA) , p-hydroxymercuribenzoate (PHMB), E-amino-n-caproic acid 
(all !'rom Sigma Chemical Co.), or di thiothreitol (DTT) (Cal Biochem , 
San Diego, CAl, at the concentration shown in T able II. 
Immunofluorescence Microscopy 
Ra bbit antisera used were directed to: (1) rat corn ified cell keratin 
(m.w. 66,000 and 60,000) chru'acterized by Inoue, Fukuyama, and Ep-
stein [6], and (2) histidine-rich protein purified from granular cells by 
Murozuka, Fukuyama, and Epstein ' [3]. It is unknown whether the 
antigenic protein contains carbohydl'ate. The immunological specifici-
ties of both antisera have been reported by the above-mentioned 
investigators . The skin sections on the slides were reacted with the 
diluted (usually 1:100 - 1:140 [v/v]) antiserum at 22°C for 30 min. 
They were washed in 3 changes of PBS for 20 min and air ill·ied. FITC-
conjugated goat a nt i-rabbit IgG (Hyland F / 1' ratio 2.8) was dilu ted to 
1:10 (v/v) and overlaid on the sections, which were washed in PBS and 
examined with a Zeiss fluorescence microscope, using a filter. In order 
to establish specificity of the immunological reaction, the t issue sections 
were reacted with : (1) IgG of nonimmunized rabbit instead of anti-
keratin serum or (2) nonconjugated goat an t i-rabbi t IgG, prior to the 
staining with FITC-conjugated goat anti-rabbit IgG. 
Light Microscopy 
Frozen sections treated wi th hyaluronidase or neuraminidase wer e 
washed in PBS at 4°C for 10 min (2 changes) and fIXed in 10% buffered 
neutral formalin at 22°C for 10 min. They were washed again in PBS 
at 4°C for 20 min (2 changes), rinsed, and stained with: 1) 0.01% 
toluidine blue described by McManus and Mowry [7], or (2) Pauly 
reagent described by Reaven and Cox [8,9), and (3) hematoxylin and 
eosin. 
Electron Microscopy 
The hyaluronidase-treated and acetate-buffer-treated skin sections 
on the slides were fixed with 3% pru'aformaldehyde and postfixed with 
2% osmium tetroxide, both in 0.025 M phosphate buffer, pH 7.2, for 30 
min. They were dehydrated in alcohol and embedded in a mix tul'e of 
Epon and araldite. A plastic rod (0.5 x 0.5 x 2 cm) was placed on the 
tissue section, which was allowed to polymerize in a 70°C oven for 48 
m·. After the sections were removed from the microscope slide by 
heating the plastic on a hotplate and pulling the plastic rod, 500 and 50 
nm sections were cut. The thick sections were stained with 1 % toluidine 
blue and examined under a Zeiss Light microscope, whereas the thin 
sections. were stained with uranyl acetate and lead cit rate and examined 
by a Siemens Elmiskop 1A. 
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TABLE 1. Reactivity of rabbit anti-granular cell histidine-rich protein with cornified cells and heratohyalin granules by treatment with 
various en zymes and buffers 
Condition Reactivity of anti-histidine-rich serum 
Treatment 
Concentration 
Tris-HCI buffered 0.1 M containing 0.14 M N aCl 
saline 
Phosphate buf- 0.02 M conta ining 0.14 M NaCI 
fered saline 
Tris-HCI buffer 0.05 M 
Hyaluronidase 240 U/ ml in 0.1 M acetate 
buffer 
Acetate buffer 0.1 M 
N e Ul'aminidase 500 U/ml in 0.05 M sodium 
acetate buffer 
Sodium acetate 0.05 M containing 0.14 M NaCI 
buffer and 0.006 M CaCI, 
Carboxypeptidase 0.03 mg/ ml in PBS 
Leucineamino- 0.01 mg/ ml in PBS 
peptidase 
Protease type VII 0.025 mg/ ml in PBS 
Trypsin 0.1 mg/ml in PBS 
Pepsin 0.1 mg/ ml in 0.1 M glycine 
buffer 
Papain 0.05 mg/ ml in 0.1 M phos-
phate buffer 
Ribonuclease 0.5 mg/ ml in distilled water 
a + _ posit ive. 
/> 
- = negative. 
c ± = partiaUy positive. 
pH Temperature 
°C 
8.0 37 
7.4 37 
7.6 37 
5.0 37 
5.0 37 
5.5 37 
5.5 37 
7.4 22 or 37 
7.4 22 or 37 
7.4 22 
7.4 22 
2.0 22 
6.2 22 or 37 
6.8 22 or 37 
Incubation 
time (hr) 
16 
16 
16 
1-5 
1-5 
3-16 
3-16 
1/ 12 
1/ 12 
1/ 12 
5-6 
Cornified 
cells 
+" 
+ 
Keratohyalin 
granules 
+ 
± ' 
+ 
± 
T ABLE II. R eactivity of rabbit anti-granular cell histidine· rich protein with cornified cells and heratohyalin granules by treatment with 
various proteinase inhibitors added to TBS 
Condition Reactivity of anti-histidine-rich serum 
Inhibitors 
EDTA 
EGTA 
PMSF 
PHMB 
DTT 
E-arn ino-n-caproic acid 
" + - positive. 
Concentration 
0.001 or 0.01 M 
0.001 or 0.01 M 
10 ,u.g/ ml 
0.0005 M 
0.001, 0.003, 0.005, or 0.01 M 
0.01 M 
RESULTS 
Reactivity of Antihistidine-Rich Serum 
Reactivity of nontreated skin sections of newborn rat with 
the antiserum was unimpressive. The reactivity over cornified 
cells was indistinct and that over granular cells appeared as an 
irregular pattern which showed the outline of keratohyalin 
granules. Basal and spinous cells did not react with the serum. 
Murozuka, Fukuyama, and Epstein [3] immunized 2 rabbits 
with histidine-rich protein prepared from granular cells at the 
same time and 2 other rabbits with the same protein but 
prepared at different times. All antisera reacted with similar 
patterns. Incubation of the skin sections in TBS, at 37°C for 16 
hr prior to the immunohistochemical staining, changed the 
staining pattern (Fig 1a) ; the shortest time to obtain this r esult 
was about 12 hr. Reactivity over cornified cells and keratohyalin 
granules became readily appru·ent. The sections were incubated 
in various buffers other than TBS and with enzymes at different 
conditions; changes observed in the staining patterns ru'e sum-
marized in T a ble 1. Phosphate-buffered saline did not substitute 
for TBS and incubation of the sections in 0.05 M Tris-HCl 
showed only partial reactivity (Fig 1b and 1c). Likewise, of the 
enzym es tested, only hyaluronidase and neuraminidase un-
masked the antigenic site(s). Acetate buffers used for these 
Temperature Incubation Cornified Keratohyalin 
°C time (hr) cells granules 
37 16 +" + 
37 16 + + 
37 16 + + 
37 16 + + 
37 16 + + 
37 16 + + 
enzymes did not unmask the antigen (Fig 2a and 3a). The 
reaction over keratohyalin granules took place by treating the 
section in 240 U/ ml hyalmonidase in the acetate buffer at 37°C 
for 1 to 5 I'll' (Fig 2b). The cornified cell reaction, on the other 
hand, was observed only by postincubation of the hyaluroni-
dase-treated section in TBS at 37°C for longer than 12 hr (Fig 
2c). In contrast to hyaluronidase, use of neuraminidase at a 
concentration of 500 U / ml of the sodium acetate buffer at 37°C 
for 3 ill' unmasked the antigenic site almost completely in 
cornified cells but increased the immunoreactivity in kerato-
hyalin granules only partially (Fig 3b). Post-incubation of the 
enzyme-treated section in TBS at 37°C for 16 hr completed the 
unmasking (fig 3c ). Complete unmasking also was achieved by 
digesting the tissue with nemaminidase and then with hyalu-
ronidase. 
In a sepru'ate study, we tested the possibility that the TBS 
unmasking depends on activation of tissue components, for 
example, proteinases. Addition of proteinase inhibitors, EDT A 
or EGT A, did not interfere with the unmasking function of 
TBS (Table II) . 
Reactivity of Antikeratin Serum 
Skin sections of newborn rat showed reactivity over the 
epidermis. Cornified cells were diffusely stained, but other cells 
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F IG 1. Indirect immunofluorescence microscopy of newborn rat frozen skin sections (C, stratum corneum; G, stratum granulosum) stained 
with rabbit antigranular cell histidine-rich protein and FITC-Iabeled goat ant imbbit IgG . Immunological reaction is seen over cornified cells and 
keratohyalin granules of TBS-treated skin (la), but no t in the section treated with PBS (lb) . The skin section treated with Tris-H e l showed a 
par t ially positive reaction over keratohya lin granules (lc). 
F IG 2. Indirect immunofluorescence microscopy of frozen skin sections reacted with the same antiserum as in Fig 1. The skin sec tion treated 
with ace tate buffer does not show the reactivity (2a). The addition of 0.1 % hyaluronidase to the buffer unmasked the reaction site in kera tohyalin 
grflnules; no reaction is seen over cornified cells (2b). Upon postincubation of t he hya lur onidase-treated section in TBS, a positive reaction also 
appeared over cornified cells (2c). 
FI G 3. Indirect immunofluorescence microscopy of frozen skin sections reacted with the same serum as in F ig 1. The skjn section treated with 
sodium ace tate buffer does not show the immunological reaction (3a). Addition of 500 U of neuraminidase to the buffer unmasked the reaction 
site in cornified cells; only incomplete unmasking is seen in keratohyalin granules (3b). Upon postincubation of the neuraminidase-treated secti~n 
in TBS, a positive reaction appeared over keratohyalin granules (3c ). 
showed nonreactive nuclei and keratohyalin granules (Fig 4a). 
Incubation of t he t issue sections in 240 U/m] hyaluronidase, at 
pH 5.0 for up to 5 hr, and/ or 500 U/m] new'aminidase, at pH 
5.5 for up to 3 hI', did not alter the reactivity (Fig 4b). However, 
incubation of the sections in TBS at 37°C for 16 hI', with or 
without enzyme pretreatment, resulted in a positive ·reaction 
over the keratohyalin granules (Fig 4c ). 
Histochemistry 
Frozen skin sections from newborn rat stained with the P auly 
reaction showed essentially the same resul ts as previously re-
ported by Reaven and Cox [8] and Fukuyama, M arshburn, and 
Epstein [2]. The orange-colored reaction was almost exclusively 
over the cornified cells and keratohyalin gran ules (Fig 5a). The 
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staining pattern was not changed by incubating the section in 
h yaluronidase, neuraminidase, or TBS for various time inter-
vals before staining (Fig 5b and 5e ). Very little alteration in 
staining of the sections with hematoxylin and eosin also was 
o bserved (Fig Ga, Gb, a nd Ge). Toluidine blue stained frozen 
s kin sections of newborn rat; cornified cells were light blue and 
other epidermal cells stained magenta-blue, while the mast cells 
appeared pink. Keratohyalin granules were not stained but 
were outlined by stained, finely granular components (Fig 7a). 
Serial sections incubated in buffers for the enzymes did not 
significantly change the staining pattern (Fig 7b, 7e, and gal. In 
contrast, skin sections treated with 240 U/ ml hyaluronidase at 
37° C for \12 to 2 hr and stained with toluidine blue showed the 
keratohyalin granules now stained a slightly metaclu'omatic 
pink (Fig 8a and 8b). Treatment with the enzyme for longer 
than 3 lu' decreased staining intensity (Fig 8e). Neuraminidase 
FIG 4. Indu'ect ilnmunofluorescence microscopy of newborn rat frozen skin sections (C, stratum corneum; G, stratum granulosum) stained 
with rabbit a ntikeratin and FITC-labeled goat antirabbi t IgG. Keratohyalin gra nules a.re not ilnmunologically reactive a nd a.re seen as empty 
spaces (arrows) in gra nulru' cells of un treated and hyaluronidase-treated skin sections (4a,b). Upon postincubation of the hyaluronidase-treated 
section in TBS, a pos it ive reaction is seen in the location of t he keratohyalin granules (arrows) (4c) . 
FIG 5. Frozen skin sections of newborn rat sta ined with the Pauly reagent. The orange-colored reaction is seen over the cornified ceLIs and 
keratohyalin granu les of t he untreated (5a), hyalUl"onidase-treated (5b) and TBS-treated skin sections (5c). The staining pattern is not changed. 
FIG 6. Frozen skin sections of newborn rat stained with hematoxylin and eosin. The staining patterns of cornified ceLIs and keratohyalin 
granules are almost indistingu ishable in the untreated (6a), sodium acetate buffer-treated (6b) and neuraminidase-treated (6e) skin sections. 
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digestion completely a bolished toluidine blue over kerato hyalin 
granules (Fig 9b) and a similar stain pattern was seen after 
postincubation in TBS (Fig 9c). 
Electron Microscopy 
The ultrastructure of granular and cornified cells preserved 
in nontreated frozen skin sections was similar to that in non-
frozen skin prepared for electron microscopy (Fig lOa). Kera-
tohyalin granules were electron-dense and surrounded by ri-
bosomes and tonofllaments. Cornified cells contained filaments 
and matrix and were surrounded by the thickened plasma 
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membrane. The ultrastructure of granular cells in the tissue 
sections digested with hyaluronidase or t he acetate buffer 
showed a reduction in the electron density of keratohyalin 
granules. The degree of alteratio n was less with the buffer alone 
(Fig lOb) , a nd with the enzyme most of the granules were found 
to be electron-lucent and only homogeneous dense deposits 
mal'ked t heir localization (Fig lOc ). No t issue componen ts could 
be iden tified inside the keratohyalin gra nules. Cornified cells 
showed scattered filaments without a matrix but the thi ckened 
plasm a membra ne remained unchanged (Fig lOd). Desmo-
somes did not appear to be changed (Fig lOe). Some addi t ional 
FIG 7, 8 and 9. Frozen skin sections (C, stratum corneum; G, stratum granulosum) of newborn rat stained with toluidine blue. Keratohyalin 
granules are obscured in the untreated section (7a). The staining pattern of skin sections incubated in acetate buffer fo r 1 hI' (7b) and 3' hr (7c) 
and sodium acetate buffer for 3 hr (9a) is similar and demonstrates out line-stained keratohyalin granu les. Keratohyalin granules a re stained and 
showed slight metachromasia in skin sections t reated with hyaluronidase for If> hI' (8a) and 2 hr (8b), but treatment with hyaluronidase for longer 
than 3 hr (8c) decreased the staining intensity. The toluidine blue stain over keratohyalin granules is completely abo lished in skin sec tions 
t reated with neuraminidase for 3 hr (9b) and after postincubation in TBS (ge) . 
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F IG 10. Ult rastructure of newborn ra t skin prepared from frozen sections. Ke ratohya lin granules, riboso mes, tonofibrils a nd Lonofilaments al'e 
seen in untreated sections (lOa). In sections treated in acetate buffel', kerato hya lin g ra nules (K) a re seen as e lectron-lucent areas (JOb). In 
hyaluronidase-digested sections, ke ratohya lin granu les a lso appear as unstained a nd empty a reas (l0c). Filaments wit hout a ma tri x ar e seen in 
cornified cells wit h a thickened enve lope (lOd); desmoso mes remain uncha nged OOe); basal lam ina becomes less e lectron-dense (arrow), but 
ancho ring filam ents and a nchoring fibr ils are present (I0f) (lOa X 25,500; lOb X 25,000; lOe X 22,140; lOd X 22, 140; 10e X 45,000; lO(x 45,000). 
observations were made concerning the dermal-epidermal junc-
tion after hyaluronidase digestion. The basal lamina became 
less electron-dense whereas other structures, su~h as the an-
c horing filaments and anchoring fibrils, seemed to be uncha nged 
(Fig IOn. 
DISCUSSION 
Unmasking of an antigenic site(s) in newborn rat epidermis 
usually not accessible to antiserum to histidine-rich protein 
prepal'ed from granular cells was found to be possible by 2 
458 KIMU R A, FUKUY AMA, AND EPSTEI N 
enzymes that digest glycosaminoglycans. Following incubation 
with hyaluronidase, the antigen present in keratohyalin gran-
ules sh owed reactivity, but that in cornified cells did not. 
D igestion with neuraminidase also unmasked the antigeni c 
site(s) in cornified cells, but incompletely unmasked those in 
keratohyalin granules. Intense immunological r eactivity was 
achieved over both keratohyalin granules and cornified cells as 
previously reported by F ukuyama, Marsh burn, and E pstein 
[2], when t hese enzyme-treated sections were either (1) postin-
cubated in TBS (0.1 M T ris-HCI buffer, pH 8.0, containing 0.14 
M NaC!) , or (2) treated with the 2 enzymes simultaneously. 
Other buffers, enzym es, and inhibitors did not substitute for 
TBS, suggesting that the unmasking process involves specific 
moleculru' reorganization rather than nonspecific mechanisms, 
including tissue proteinase activation. Reactivity of ant ikeratin 
serum over keratohyalin granules was seen, however, only after 
incubation, of the t issue in TBS with or without prior enzyme 
digestion. T hese observations appear to indicate: (1) antigenic 
sites of histidine-rich protein and keratin are masked by diffe r-
ent mechanisms in keratohyalin granules; (2) the ant igenic site 
of keratin in cornified cells is not masked, but that of histidine-
r ich protein is; (3) in keratohyalin granules glycosaminoglycans 
mask histidine-r ich protein bu t not keratin; and (4) hyaluronic 
acid is primarily involved at the functional site in the granules, 
whereas sialic acid becomes the polysaccharide that masks the 
site in the cornified layer. 
T he fin dings raise the question whether histidine-rich protein 
is glycoprotein in which the polysaccharides are a portion of 
the protein molecule. Histochemical studies have suggested 
t hat a mucopolysaccharide occurs in keratohyalin granules 
[10]. Tezuka and Freedberg [11] reported that a deoxycholate-
soluble protein from the granules contained small amounts of 
hexose and hexosamine. Murozuka, Fukuyama, and Epstein [3] 
used 4 M urea to solubilize ant igenic protein for injection of 
ra bbits, and it is possible that the sugru' binding moieties of the 
protein were exposed and acted as antigen. Another possibility 
is that histidine-rich protein is not glycoprotein, but is bound 
with polysaccharides in keratohyalin granules and cornified 
cells. Regardless of the specific moleculru' relationship wi th 
polysaccharide, histidine-r ich protein of a high molecular 
weight found in granular cells seems to associate with hyalu-
ronic acid, while the sugru' moiety appeal'ed to change to sialic 
acid as the cell differentiated in to cornified cells and the molec-
ular size of histidine-rich protein decreased. 
Concomitantly performed histochemical and electron micro-
scopic studies further elucidated staining proper ties of histidine-
rich protein and masking glycosaminoglycans in kera tohyalin 
granules. The Pauly reaction is consistently positive in the 
presence of histine-rich protein. H ematoxylin does not stain 
masking glycosaminoglycans, histidine-rich protein or keratin 
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in the granules. OsO. also does not produce an electron-dense 
reaction with any of these components in the granules. How-
ever, in cornified cells OS04 reacts with keratin, while it seems 
not to react with unmasked histidine-r ich protein considered to 
form the matrix. T oluidine blue may stain t he masking sub-
stance, but not histidine-rich protein and keratin . 
Exposure of an antigenic site of keratin in keratohyalin 
granules was achieved only after T BS incubation a nd further 
studies ar e necessary to understa nd the specific mechanisms 
involved in immunological masking of keratin in the granules. 
Recent studies by von der Mark, von der Mark, and Gay [12] 
and T akamiya, Bodemer, and Vogt [13] de monstrated that 
certain components of other t issues also were not readily de-
tectable by immunohistochemical techniques. Investigations 
aimed at unmasking the ant igenic sites have contributed to 
im proved immunohistochemical findin gs a nd also to the eluci-
dation of in situ molecule interaction, which does not continue 
after extraction . 
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